Stratigraphy
The age model for GeoB 6007-2 was established based on sixteen accelerator mass spectrometry (AMS) radiocarbon measurements (Leibniz-Laboratory for Radiometric Dating and Stable Isotope Research, Kiel University, see Table DR1 ). Mixed planktonic foraminifera contained G. bulloides, G. sacculifer, G. calida, G. ruber, G. falconensis, G. rubescens, T. quinqueloba, and O. universa (Kuhlmann et al., 2004) . Raw radiocarbon dates were converted to 2σ calibrated age ranges with the CALIB 4.1 software using the 1998 marine data set (Stuiver and Reimer, 1993; Stuiver et al, 1998) . We assumed a conservative estimation of 400 years reservoir age, because precise reservoir correction for this region is uncertain. Ages between the dating points were obtained by linear interpolation. The radiocarbon age at 3 cm depth gives a modern age. 
Alkenone analysis:
To determine past sea surface temperature (SST) variations for GeoB 6007-2, we measured alkenones. Sediments were sampled at 2-cm interval. Alkenones were extracted from 2 g portions of freeze-dried and homogenized sediment following the procedure described in Müller et al. (1998) . The extracts were analysed by capillary gas chromatography using a gas chromatograph (HP 5890A) equipped with 60 m columns (J&W DB1, 0.32 mm x 0.25 µm), split/splitless and flame ionization detection. Quantification of the alkenone content was achieved using the squalane internal standard. The alkenone unsaturation index K3 7 U was calculated from K3 7 U = (C 37:2 )/(C 37:2 + C 37:3 ) as defined by Prahl and Wakeham (1987) , where C 37:2 and C 37:3 are the di-and tri-unsaturated C 37 methyl alkenones. For conversion to temperature, we used the culture calibration ( K3 7 U = 0.034*T + 0.039, Prahl et al., 1988) , which has also been validated by core-top compilations (Müller et al., 1998) . The analytical precision was estimated to be ±0.2°C based on 60 replicate extractions, on different days, of laboratory internal reference sediment (CC 1712-4) from the South Atlantic. The average time resolution for the alkenone SST record is ~30 years.
Isotope analysis:
Sediments for GeoB 6007-2 were sampled at 5-cm intervals for stable isotope analyses. Stable oxygen isotope measurements were performed on 10-15 shells of the planktic foraminifer G. bulloides, employing an automatic carbonate preparation system attached to a Finnigan MAT 251 mass spectrometer. The shell size was 250-350 µm. 
Statistical analysis:
To assess common temporal and spatial distribution patterns between the Holocene alkenone SST records from the North Atlantic, Mediterranean Sea and Red Sea regions, we selected well-dated alkenone SST records the age models of which were established by AMS 14 C determinations on planktic foraminifera and were calibrated in a similar way (Table DR2 ) and we applied Empirical Orthogonal Function analysis (EOF, von Storch and Zwiers, 1999) . The alkenone SST time series were reduced into spatially coherent orthogonal eigenvectors. These eigenvectors, together with their corresponding time coefficients (Principal Component, PC) and eigenvalues (a measure of the variance described by each eigenvector), are referred to in our study as modes of SST variability. The EOF method also served as a data-filtering procedure to smooth the noise and uncertainties in the age models of the individual alkenone SST records. The EOF method used here requires identical time resolution for all records. Here, mean values in 100 year time resolution were derived using linear interpolation.
The temporal variations of paleoclimate records were further investigated using Singular Spectrum Analysis (SSA, Ghil et al., 2002) to identify millennial scale temporal variations in paleoclimate records. The SSA is designed to decompose a short and noisy time series into three statistically independent components: trends, oscillatory patterns, and noise. The trends do not need to be linear and the oscillations can be amplitude and phase modulated. In our analysis, the original data was interpolated on 1000 equal spaced points, and then the interpolated values were averaged every 10 values. The results are the time series of 100 values (100 yrs time resolution). To remove the linear trends, the time series were detrended and then normalized for the SSA analysis. All time components with a time scale longer than 4.1 ka (i.e. the size of the window) were referred to as trends while the time components with time scales smaller than 4.1 ka were referred to as millennial scale variations. Table DR2 . Core locations and information on the chronology, alkenone index, alkenone calibration, and analytical reproducibility for each SST record used for the Empirical Orthogonal Function (EOF) analysis and Singular Spectrum Analysis (SSA) in Fig 3A-C 
Coupled atmosphere-ocean modelling:
To examine the response of the ocean circulation caused by a freshwater pulse, we carried out a meltwater perturbation experiment with a coupled atmosphere-ocean model (Voss and Saussen, 1996) . In this experiment, a large freshwater anomaly in the northern North Atlantic has been introduced under Holocene conditions, which considerably weakens the oceanic meridional overturning circulation. The meltwater was released in the Labrador Sea (for a detailed experimental description: Schiller et al., 1997; Lohmann, 2003) . For the anomaly, the hydrography and currents are shown for the state of the weak ocean circulation minus the control simulation, as in Lohmann (2003 
